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APPLY AIR FLOW TO AIR ACTUAEON PORT TO ENGAGE SEAL

| _yo

INITIATE FLOW OF WORKING MEDIA THROUGH MEDIA CHANNEL

| o

DISCONTINUE AIR FLOW AFTER SEAL HAS ENGAGED

| e

WHEN TASK IS COMPLETE, APPLY AIR FLOW TO
AIR ACTUATION PORT TO MAINTAIN SEAL ENGAGEMENT

| s

DISCONTINUE WORKING MEDIA FLOW FROM MEDIA CHANNEL
AND APPLY VACUUM TO EVACUATE WORKING MEDIA
FROM MEDIA CHANNEL

| s

WHEN WORKING MEDIA EVACUATION IS COMPLETE,
DISCONTINUE AIR FLOW AND PROVIDE VACCUMTO
AIR ACTUATION PORT TO DISENGAGE SEAL

FIG. 5



US 9,133,967 B2

1
ROTARY UNION WITH PRESSURE
CONTROLLED SEAL ACTUATOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application claims the benefit of U.S. Provi-
sional Patent Application No. 61/679,343, filed on Aug. 3,
2012, which is incorporated herein in its entirety by this
reference.

TECHNICAL FIELD OF THE DISCLOSURE

The present invention relates to fluid coupling devices such
as rotary unions and, more particularly, to an improved seal
control actuator mechanism that operates with fluid pressure
regardless of the use of lubricating media, non-lubricating
media, or no media within the rotary union.

BACKGROUND OF THE INVENTION

Fluid coupling devices such as rotary unions are used in
industrial applications, for example, machining of metals or
plastics, work holding, printing, plastic film manufacture,
papermaking, semiconductor wafer manufacture, and other
industrial processes that require a fluid medium to be trans-
ferred from a stationary source such as a pump or reservoir
into a rotating element such as a machine tool spindle, work-
piece clamping system, or rotating drums or cylinder. Often
these applications require relatively high media pressures,
flow rates, or high machine tool rotational speeds.

Rotary unions used in such applications convey fluid
medium used by the equipment for cooling, heating, or for
actuating one or more rotating elements. Typical fluid media
include water-based liquids, hydraulic or cooling oils, and air.
In certain instances, for example, when evacuating media
from a fluid passage, rotary unions may operate under
vacuum. Machines using rotary unions typically include pre-
cision components, such as bearings, gears, electrical com-
ponents, and others, that are expensive and/or difficult to
repair or replace during service. These components are often
subject to corrosive environments or to damage if exposed to
fluid leaking or venting from the rotary union during opera-
tion.

A rotary union typically includes a stationary member,
sometimes referred to as the housing, which has an inlet port
for receiving fluid medium. A non-rotating seal member is
mounted within the housing. A rotating member, which is
sometimes referred to as a rotor, includes a rotating seal
member and an outlet port for delivering fluid to a rotating
component. A seal surface of the non-rotating seal member is
biased into fluid-tight engagement with the seal surface of the
rotating seal member, generally by a spring, media pressure,
or other method, thus enabling a seal to be formed between
the rotating and non-rotating components of the union. The
seal permits transter of fluid medium through the union with-
out significant leakage between the non-rotating and rotating
portions. Fluid medium passing through the rotary union may
lubricate the engaged seal surfaces to minimize wear of the
seal members. When a rotary union is used with non-lubri-
cating media (such as dry air) or without any media, the
engaged seal surfaces can experience a “dry running” condi-
tion, which causes rapid seal wear due to lack of adequate
lubrication. Extended periods of dry running can cause severe
damage to the seal members, thereby requiring expensive and
time-consuming replacement of one or both seal members.
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High-speed machining equipment, such as computer-nu-
merical-control (CNC) milling machines, drilling machines,
turning machines, transfer lines, and so forth, use rotary
unions to supply a medium directly to the cutting edge of a
tool for cooling and lubrication in an arrangement that is
commonly referred to as “through spindle coolant” A
through spindle coolant arrangement extends the service life
of costly cutting tools, increases productivity by allowing
higher cutting speeds, and flushes material chips that can
damage the work-piece or cutting tool away from the cutting
surfaces of the tool. Different work-piece materials typically
require different media for optimal productivity and perfor-
mance. For example, air or aerosol media may provide better
thermal control when machining very hard materials, while
liquid coolants may offer better performance when machin-
ing softer materials, such as aluminum. In addition, certain
kinds of work may be performed more effectively and less
expensively without a through-spindle medium.

In certain applications, it may also be desired to avoid any
spillage of the working fluid of the coupling when the seal is
disengaged, for example, when changing tool spindles. Along
these same lines, it may further be desired to engage the rotary
seal of the coupling before the working fluid is at full pressure
so that the initiation of flow, which flow may include a mix-
ture of the working fluid with air, does not cause leakage of
the working fluid.

SUMMARY OF THE DISCLOSURE

In one aspect, the disclosure describes a rotary union for
providing a fluid connection between a rotating machine
component and a non-rotating machine component. The
rotary union includes a rotating seal carrier adapted for con-
nection to the rotating machine component. The rotating seal
carrier has a rotating seal member connected thereon. A non-
rotating seal carrier having a generally cylindrical shape has
a non-rotating seal member connected thereon. A piston por-
tion is connected to an end of the non-rotating seal carrier
proximate the non-rotating seal member. The piston portion
has a generally cylindrical shape with an enlarged diameter
relative to the non-rotating seal carrier. A flow restrictor ring
has a generally annular shape and is disposed around the
piston portion. A housing is connected to the non-rotating
machine component and forms a carrier bore into which the
non-rotating seal carrier is slidably and sealably disposed.
When the non-rotating seal carrier is at an extended position
relative to the housing, the non-rotating seal engages the
rotating seal to form a sliding face seal. The housing further
forms a piston bore that slidably accepts therewithin the pis-
ton portion and the flow restrictor ring such that a gap is
formed in a radial direction between an outer diameter of the
flow restrictor ring and an inner diameter of the piston bore. A
segmented media channel is formed in the rotating and non-
rotating seal carriers. The segmented media channel is
adapted to define a fluid passageway that conveys fluid media
between the rotating and non-rotating machine components
while the sliding face seal is present. The segmented media
channel is further adapted to be open for venting to the atmo-
sphere when the rotating and non-rotating seal members are
not engaged. In one disclosed embodiment, the enlarged
diameter of the piston portion provides a net pneumatic or
hydraulic surface that can be acted upon by a fluid at a positive
or negative atmospheric pressure present within the piston
bore of the housing.

In another aspect, the disclosure describes a rotary union
for use in a machine including rotating and non-rotating com-
ponents. The rotary union is disposed to fluidly connect a
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segmented media channel extending between the non-rotat-
ing and the rotating machine components. The rotary union
includes a rotating seal carrier that is connectable to the
rotating machine component. The rotating seal carrier has a
rotating seal member connected thereon. A non-rotating seal
carrier is connectable to the non-rotating machine component
and has a non-rotating seal member connected thereon. A
piston portion is formed on an end of the non-rotating seal
carrier proximate the non-rotating machine component. The
piston portion has a generally cylindrical shape with an
enlarged outer dimension relative to the non-rotating seal
carrier. A housing forms a carrier bore into which the non-
rotating seal carrier is slidably and sealably disposed such
that, when the non-rotating seal carrier is at an extended
position relative to the housing, the non-rotating seal engages
the rotating seal to form a sliding face seal. The housing
further forms a piston bore that slidably accepts therewithin
the piston portion such that a gap is formed in a radial direc-
tion between an outer diameter of the flow piston portion and
an inner diameter of the piston bore. A segmented media
channel is formed in the rotating and non-rotating seal carri-
ers. The segmented media channel is adapted to define a fluid
passageway that conveys fluid media between the rotating
and non-rotating machine components while the sliding face
seal is present. The segmented media channel is further
adapted to be open for venting to the atmosphere when the
rotating and non-rotating seal members are not engaged. The
enlarged outer dimension of the piston portion provides a net
pneumatic or hydraulic surface that can be acted upon by a
fluid at a positive or negative atmospheric pressure present
within the piston bore of the housing.

In yet another aspect, the disclosure describes a machine
having a rotating component and a non-rotating component.
The rotating and non-rotating components form a segmented
media channel through which fluid may be provided between
the rotating and non-rotating components. The machine fur-
ther includes a rotary union disposed to selectively create a
fluid passageway along the segmented media channel. The
rotary union comprises a rotating seal carrier that is connect-
ableto the rotating machine component and that has a rotating
seal member connected thereon. The rotary union further
comprises a non-rotating seal carrier that is connectable to the
non-rotating machine component and that has a non-rotating
seal member connected thereon. A piston portion is formed
on an end of the non-rotating seal carrier proximate the non-
rotating machine component. The piston portion has a gen-
erally cylindrical shape with an enlarged outer dimension
relative to the non-rotating seal carrier. A housing forms a
carrier bore into which the non-rotating seal carrier is slidably
and sealably disposed such that, when the non-rotating seal
carrier is at an extended position relative to the housing, the
non-rotating seal engages the rotating seal to form a sliding
face seal. The housing further forms a piston bore that slid-
ably accepts therewithin the piston portion such that a gap is
formed in a radial direction between an outer diameter of the
flow piston portion and an inner diameter of the piston bore.
The segmented media channel defines the fluid passageway
that conveys fluid media between the rotating and non-rotat-
ing machine components while the sliding face seal is
present. The segmented media channel is open for venting to
the atmosphere when the rotating and non-rotating seal mem-
bers are not engaged. During operation, the enlarged outer
dimension of the piston portion provides a net pneumatic or
hydraulic surface that can be acted upon by a fluid at a positive
or negative atmospheric pressure present within the piston
bore of the housing.
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BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 is an outline view of a rotary union in accordance
with the disclosure.

FIG. 2 is a side view of a rotary union installed between
rotating and stationary machine components in accordance
with the disclosure.

FIG. 3 is a cross section of one embodiment of a rotary
union having an air-controlled seal engagement mechanism
in accordance with the disclosure.

FIG. 4 is a cross section of another embodiment of a rotary
union having an air-controlled seal engagement mechanism
in accordance with the disclosure.

FIG. 5 is a flowchart for a method of operating a rotary
union having an air-controlled seal engagement mechanism
in accordance with the disclosure.

DETAILED DESCRIPTION

In the drawings, which form a part of this specification,
FIG. 1 is an exploded isometric view of one embodiment of a
rotary union 100, FIG. 2 is a side view of the rotary union 100
as installed between two machine components, which are
shown in dashed lines and sectioned for illustration of the
placement of the rotary union components therewithin and
between, and FIG. 3 is a fragmented view of the rotary union
100. In reference to FIGS. 1, 2 and 3, the rotary union 100
includes a rotating seal member 102 connected to the end of
a rotating seal carrier 101, which is commonly referred to as
a rotor, and a non-rotating seal member 104 that is connected
atthe end of a non-rotating seal carrier 103 (shown in FIG. 3).
The non-rotating seal carrier 103 is axially moveable relative
to a housing 106. The rotating seal member 102 is associated
with a rotating machine component 108 (FIG. 2), and the
housing 106 is associated with a non-rotating machine com-
ponent 110. A segmented conduit or media channel 112
extends through the non-rotating machine component 110,
the rotating seal carrier 101 and the non-rotating seal carrier
103, the rotating and non-rotating seal members 102 and 104
respectively, and the rotating machine component 108 as is
best illustrated in FIG. 2.

Portions of the media channel 112 are defined in different
components of the rotary union 100 to provide a fluid pas-
sageway through the rotating and non-rotating machine com-
ponents 108 and 110 when the rotating and non-rotating seal
members 102 and 104 are engaged. The media channel 112
may be selectively arranged to sealingly enclose fluids when
the rotating and non-rotating seal members 102 and 104 are
engaged to one another, and be open for venting to the atmo-
sphere when the rotating and non-rotating seal members 102
and 104 are not engaged, as is described in more detail rela-
tive to the operation of the rotary union 100 and the descrip-
tion that follows relative to the flowchart of FIG. 5, as
described below. In certain applications, the media channel
112 may be subjected to a vacuum that pulls and evacuates
working fluids from within the media channel 112.

The rotating machine component 108, which can be any
type of machine component such as a spindle on a CNC
milling machine, supports the rotating carrier 101 and the
rotating seal member 102. A mechanical face seal created
when the rotating seal member 102 is engaged with the non-
rotating seal member 104 seals the media channel 112 for
transferring a fluid medium from the non-rotating to the rotat-
ing machine components 110 to 108. In the illustrated
embodiment, the housing 106 is connected to the non-rotating
machine component 110 by bolts 105 (four shown) that



US 9,133,967 B2

5

engage corresponding threaded openings formed in the non-
rotating machine component 110, but other mounting
arrangements can be used. The rotating machine component
108 has a bore that defines a portion of the media channel 112
and further defines features for sealingly receiving the rotat-
ing seal carrier 101 and the rotating seal member 102.

One embodiment for the rotary union 100 is shown in the
cross section of FIG. 3. In reference to FIG. 3, the non-
rotating seal member 104 is connected to the non-rotating
seal carrier 103. The non-rotating seal carrier 103 is slidably
and sealably disposed within a bore 128 of the housing 106,
and has an outer diameter portion that slidably engages a land
129 of the bore 128. As shown in FIG. 3, the bore 128 is
generally stepped along various segments thereof such that
the land 129 comes in sliding contact with the carrier 103 and
forms a slight gap therebetween that allows for angular mis-
alignment in an axial direction between the carrier 103 and
the bore 128, which advantageously permits the rotary union
to accommodate assembly and operational misalignment
conditions between the rotating and non-rotating machine
components 108 and 110 (FIG. 2). The axial length and inner
diameter dimension of the land 129, which extends annularly
around the non-rotating seal carrier 103, can be selected
depending on the particular design requirements and
expected misalignment between components for each appli-
cation. The structural arrangement permitting sliding of the
non-rotating seal member 104 relative to the non-rotating
machine component 110 enables the selective engagement
and disengagement of the non-rotating seal member 104 with
the rotating seal member 102, and compensates for axial
displacement that may be present between the rotating and
the non-rotating machine components 108 and 110.

The housing 106 has passages and openings for provision
of'a working fluid to the media channel 112, which may be a
liquid or a gas, and for provision of air or a vacuum to an
activation channel, which causes the non-rotating seal carrier
103 to move relative to the housing 106. More specifically, the
housing 106 forms an air actuation port 200, which is fluidly
connected to a piston bore 202 formed in the housing 106. The
piston bore 202 is part of, and coaxial with, the bore 128 that
accommodates the non-rotating seal 104 and the non-rotating
seal carrier 103. As can be seen in FIG. 3, the piston bore 202
has a large diameter relative to the remaining portions of the
bore 128, and is disposed at the end of the bore 128 to form an
open end thereof that faces the rotating seal member 102. An
actuation air passage 204 extends through a portion of the
housing 106 to fluidly interconnect the piston bore 202 with
the actuation air port 200.

A portion of the non-rotating seal carrier 103 that is dis-
posed within the piston bore 202 has an enlarged diameter
relative to remaining portions thereof, which for simplicity
will be referred to herein as the piston portion 206. The piston
portion 206 is reciprocally disposed within the piston bore
202 when the non-rotating seal carrier 103 is disposed in the
housing 106. The relatively enlarged diameter of the piston
portion 206 provides a net pneumatic or hydraulic surface that
can be acted upon by a vacuum or a fluid at a pressure present
within the actuation air passage 204. The pressurized fluid or
vacuum is generally contained adjacent such pneumatic or
hydraulic surface by the aid of a flow restrictor ring 208.

The flow restrictor ring 208 controls the size and flow
characteristics of a gap 210 that may be present between an
outer diameter of the piston portion 206 and an inner diameter
of' the piston bore 202. In a fashion that is similar to the seals
provided between a bore and a reciprocating piston in an
internal combustion engine, the flow restrictor ring 208 is a
generally annular-shaped seal that is disposed within a chan-

10

20

25

30

35

40

45

55

60

6

nel 212 formed annularly around the piston portion 206. The
flow restrictor ring 208 may include a cross-cut opening to aid
installation into the groove or channel 212, or may alterna-
tively be continuous and installed using other arrangements.

The flow restrictor ring 208 may further possess some
resilience such that a slight compression thereof may be
required in a radially inward direction during installation into
the piston bore 202. Alternatively, the flow restrictor ring 208
may be made to have an outer diameter that has a clearance fit
within the piston bore 202. When installed, the flow restrictor
ring 208 is configured to permit a small leakage of fluid, for
example, air, into or out from a piston volume 214. In other
words, a controlled leakage condition is created for fluids
passing past the interface between the flow restrictor ring 208
and the piston bore 202 and/or the piston portion 206. The
term piston volume 214 is used herein to describe that portion
of the piston bore 202 that is fluidly in communication with
the actuation air passage 204 and is defined between actuation
air passage 204 and the flow restrictor ring 208. The piston
volume 214 extends generally symmetrically around the pis-
ton bore 202 such that any pneumatic or hydraulic force
applied to the piston portion 206 is advantageously symmet-
ric relative to the non-rotating seal member 104.

A secondary seal 146 provides a sliding seal between the
housing 106 and an outer surface of the non-rotating seal
carrier 103. The secondary seal 146 in the illustrated embodi-
ment is axially located between the piston volume 214 and an
inlet 144 of the portion of the media channel 112 that extends
through the non-rotating seal carrier 103. The secondary seal
146 can be embodied as any appropriate type of sliding seal,
for example, a U-cup seal, O-ring seal, lip seal and the like.
When pressurized media or a vacuum is present within the
media channel 112, the secondary seal acts to seal the media
channel 112 both from the environment as well as from the
piston volume 214.

During operation, the application of a relatively low air
pressure or a vacuum to the piston volume 214 will cause the
non-rotating seal carrier 103 to extend or retract relative to the
housing 106. In other words, notwithstanding any hydraulic
forces acting on the non-rotating seal carrier 103 by the media
and causing the same to axially move relative to the housing
106, an application of air pressure or vacuum to the piston
volume 214 will have the effect of a pneumatic (or hydraulic,
depending on the type of fluid used) linear piston actuator that
will operate to extend or retract the carrier 103 relative to the
bore 202 of the housing 106. Specifically, when an air flow is
provided to the air actuation port 200, the flow momentum of
that air will fill the piston volume 214 and, even though the
airflow will leak at a controlled rate past the flow restrictor
ring 208, will dynamically push against a back side of the
piston portion 202 and/or the ring 208, thus causing the non-
rotating seal carrier 103 to move in an extending direction
relative to the housing 106. Similarly, when the air actuation
port 200 is subjected to a vacuum, the flow momentum of a
flow of air moving into the piston volume 214 in a controlled
leakage fashion will push on ring 208 and thus impart a force
tending to push the non-rotating seal carrier 103 in a retract-
ing direction relative to the housing 106. Alternatively, axial
motion of the rotor or rotating seal carrier 101 towards the
housing 106 may cause retraction of the non-rotating seal
carrier 103.

Regarding the flow restrictor ring 208, even though it is
shown in FIG. 3 to have a rectangular cross section, other
cross sections can be used. The ring 208 may be made of any
suitable material. In one embodiment, the ring 208 is made of
a material that is formable in desired dimensions, has a rela-
tively low friction when interfacing with the walls of the
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piston bore 202, and is generally self-lubricating when air is
used as the actuating fluid relative to the piston volume 214.

The independent provision of air or vacuum to the piston
volume 214 advantageously enables the selective opening
and closing of the rotating seal, i.e., the engagement or dis-
engagement of the rotating and non-rotating seal members
102 and 104, regardless of the type, presence or absence of
working media within the media channel 112. As is known, a
balance ratio may be structurally defined relative to the non-
rotating seal carrier 103 and seal 104, which can present a net
hydraulic opening or closing equivalent surface relative to
fluids present in the media channel 112. In this way, a pres-
surized fluid acting on this equivalent surface may impart a
force tending to engage or disengage the rotating and non-
rotating seal members 102 and 104. In the illustrated embodi-
ment, the balance ratio of the structure shown is about 54%,
but can range anywhere between 50 and 60%. With this
balance ratio, the rotating seal can be engaged when incom-
pressible media is present within the channel 112 at a pres-
sure, or provide a gap between the rotating and non-rotating
seal members when compressible media is present in the
media channel 112, when no air flow or vacuum is provided to
the air actuation port 200.

An alternative embodiment of the rotary union 100 is
shown in FIG. 4. Here, like reference numerals denote like
structures as previously described and shown, for example, in
FIG. 3, for simplicity. In this embodiment, the rotary union
100 includes an opening spring 216. The opening spring 216
is disposed between the housing 106 and the non-rotating seal
carrier 103 and is configured to provide a biasing force tend-
ing to push the non-rotating seal carrier 103 in a retracting
axial direction relative to the housing. This embodiment may
be suitable for applications in which the rotary union 100 is
installed in a vertical or angled orientation, that is, in an
orientation in which a centerline 218 of the non-rotating seal
carrier 103 is not horizontal. In such applications, the spring
force or spring constant of the spring 216 may be selected
such that the force provided by the spring is sufficient to
overcome the weight of the non-rotating seal carrier 103 and
non-rotating seal member 104. As can be appreciated,
depending on the installation orientation, the spring and hous-
ing 106 may be configured to provide a closing force instead
of an opening force. Despite the presence and action of the
spring 216, however, the balance ratio of the non-rotating seal
carrier 103 and seal member 104 may advantageously remain
unchanged between the embodiments shown and discussed
relative to FIGS. 3 and 4.

A flowchart for a method of operating the rotary union 100
is shown in FIG. 5. The described method is presented to
illustrate one possible mode of operating the rotary union 100
and should not be understood to be exclusive of other oper-
ating modes or exhaustive of all possible operating modes.
The described method includes desirable features for the
operation of a rotary union, all or a subset of which may be
used at different times during operation or in different appli-
cations depending on the particular requirements of each
operating task.

The described method is applicable to the use of a rotary
coupling in a machine tool, where undesirable operational
characteristics may be present at the beginning and at the end
of a work task. The work task contemplated may include a
cycle of initiation, use, and evacuation of the working media
from within the rotary union. In the contemplated application,
leakage of the working media is undesired both at the begin-
ning and at the end of the work task.

With the foregoing in mind, an air flow is applied to the air
actuation port at 302, which operates to engage the rotary seal
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in the absence of working media as previously discussed. At
this stage, the air flow causes a piston-like feature of the union
to impart a force tending to extend the non-rotating seal
member relative to the housing. When the seal has engaged,
the air flow may be optionally discontinued at 304, which in
one embodiment occurs at the same time or shortly follows
initiation of the media flow in the media channel at 306. It
should be appreciated that for those rotary union embodi-
ments that include an opening spring, discontinuation of the
air flow in the absence of working media may cause the seal
to disengage and, thus, for those embodiments, process step
304 may be omitted. For those embodiments that do not
include an opening spring, discontinuation of the air flow may
not cause the seal to disengage if static forces, such as friction,
and closing forces, such as springs, etc., can overcome any
opening forces such that seal engagement may be maintained.

With the rotary seal engaged, a flow of working media may
be initiated at 306. Closure of the seal prior to initiation of
working media flow may be desirable for various reasons. For
example, even though incompressible working media will
cause seal engagement based on the balance ratio ofthe rotary
union, insufficient hydraulic forces during a limited period of
flow initiation within the media channel may permit fluid
leakage unless the seals are already engaged. By first provid-
ing the air flow to engage the seal at 302, one may ensure
against such undesirable fluid leakage.

When the work task is complete, an air flow may be applied
to the air actuation port at 308. Ordinarily, the force tending to
engage the seals may not be compounded with a hydraulic
force from the working media to reduce seal wear. Here, the
application of the air flow is for a limited time while the
working fluid flow and pressure are reduced so that the seal
may remain in an engaged condition. Optionally, a vacuum
may be applied to the media channel to remove any remaining
working fluid at 310, while the air flow is still applied to
maintain the seal in an engaged condition. In this way, effec-
tive evacuation of the media channel can be achieved and fluid
leakage can be avoided.

When evacuation of the working fluid is complete, the air
flow to the air actuation port is discontinued and may option-
ally be replaced by the application of a vacuum at that same
portat312. As previously described, application of vacuum to
the air actuation port may cause the disengagement of the seal
members. Again, it should be appreciated that this process
step may not be required if an opening spring, such as that
shown in the embodiment of FIG. 4, is used. Alternatively,
disengagement of the seal members can be accomplished by
axial motion of the rotating seal member.

In operation, the rotary union 100 may use an air flow or a
liquid coolant flow provided at about 0 bar to the piston
volume 214 (FIG. 3 or 4) such that the seal members 102 and
104 can be engaged. To disengage the seals, a vacuum of
between 3 and 6 bar may be used. The magnitude of these
parameters may change depending on the particular dimen-
sions that are selected for the structures that facilitate the
engagement or disengagement of the seals.

All references, including publications, patent applications,
and patents, cited herein are hereby incorporated by reference
to the same extent as if each reference were individually and
specifically indicated to be incorporated by reference and
were set forth in its entirety herein.

The use of the terms “a” and “an” and “the” and similar
referents in the context of describing the invention (especially
in the context of the following claims) are to be construed to
cover both the singular and the plural, unless otherwise indi-
cated herein or clearly contradicted by context. The terms

29 ¢

“comprising,” “having,” “including,” and “containing” are to
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be construed as open-ended terms (i.e., meaning “including,
but not limited to,”) unless otherwise noted. Recitation of
ranges of values herein are merely intended to serve as a
shorthand method of referring individually to each separate
value falling within the range, unless otherwise indicated
herein, and each separate value is incorporated into the speci-
fication as if it were individually recited herein. All methods
described herein can be performed in any suitable order
unless otherwise indicated herein or otherwise clearly con-
tradicted by context. The use of any and all examples, or
exemplary language (e.g., “such as”) provided herein, is
intended merely to better illuminate the invention and does
not pose a limitation on the scope of the invention unless
otherwise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention.

Preferred embodiments of this invention are described
herein, including the best mode known to the inventors for
carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill
in the art upon reading the foregoing description. The inven-
tors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be
practiced otherwise than as specifically described herein.
Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims
appended hereto as permitted by applicable law. Moreover,
any combination of the above-described elements in all pos-
sible variations thereof is encompassed by the invention
unless otherwise indicated herein or otherwise clearly con-
tradicted by context.

The invention claimed is:

1. A rotary union for providing a fluid connection between
a rotating machine component and a non-rotating machine
component, comprising:

arotating seal carrier adapted for connection to the rotating
machine component, the rotating seal carrier having a
rotating seal member connected thereon;

a non-rotating seal carrier having a generally cylindrical
shape, the non-rotating seal carrier having a non-rotating
seal member connected thereon;

a piston portion connected to an end of the non-rotating
seal carrier proximate the non-rotating seal member, the
piston portion having a generally cylindrical shape with
an enlarged diameter relative to the non-rotating seal
carrier;

a flow restrictor ring having a generally annular shape
disposed around the piston portion;

a housing connected to the non-rotating machine compo-
nent and forming a carrier bore into which the non-
rotating seal carrier is slidably and sealably disposed
such that, when the non-rotating seal carrier is at an
extended position relative to the housing, the non-rotat-
ing seal engages the rotating seal to form a sliding face
seal, the housing further forming a piston bore that slid-
ably accepts therewithin the piston portion and the flow
restrictor ring such that a gap is formed in a radial direc-
tion between an outer diameter of the flow restrictor ring
and an inner diameter of the piston bore;

a segmented media channel formed in the rotating and
non-rotating seal carriers, the segmented media channel
being adapted to define a fluid passageway that conveys
fluid media between the rotating and non-rotating
machine components while the sliding face seal is
present, wherein the segmented media channel is further
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adapted to be open for venting to the atmosphere when
the rotating and non-rotating seal members are not
engaged;

wherein the enlarged diameter of the piston portion pro-

vides a net pneumatic or hydraulic surface that can be
acted upon by a fluid at a positive or negative atmo-
spheric pressure present within the piston bore of the
housing.

2. The rotary union of claim 1, wherein the segmented
media channel is configured to operate under a positive pres-
sure or a vacuum when conveying media between the rotating
and non-rotating machine components.

3. The rotary union of claim 1, further comprising a sec-
ondary seal disposed between the carrier bore of the housing
and the non-rotating seal carrier, the secondary seal providing
a sliding seal between an inner surface of the carrier bore and
an outer surface of the non-rotating seal carrier, the sliding
seal separating fluids at different pressures present within the
segmented media channel and the piston bore.

4. The rotary union of claim 3, wherein the secondary seal
is axially located between the piston bore and an inlet opening
of'the segmented media channel disposed within the housing.

5. The rotary union of claim 3, wherein the secondary seal
is selected from the group consisting of a U-cup seal, an
O-ring seal, and a lip seal.

6. The rotary union of claim 1, further comprising an actua-
tion passage formed in the housing and fluidly interconnect-
ing the piston bore with an air actuation port formed in the
housing and connected to selectively configured source or
sink of fluid pressure.

7. The rotary union of claim 6, wherein, when an air flow is
provided to the air actuation port, a flow momentum of the air
flow entering the piston bore through the air actuation passage
is configured to fill the piston bore, leak at a predetermined
rate through the radial gap past the flow restrictor ring, and
dynamically push against a back side of the piston portion and
the restrictor ring to, in part, urge the non-rotating seal carrier
to move in an extending direction relative to the housing.

8. The rotary union of claim 6, wherein, when the air
actuation port is subjected to a vacuum, a flow momentum of
the air flow entering the piston bore from the environment is
configured to leak at a predetermined rate through the radial
gap past the flow restrictor ring, and dynamically push a front
side of the piston portion and the restrictor ring to, in part,
urge the non-rotating seal carrier to move in a retracting
direction relative to the housing.

9. The rotary union of claim 1, further comprising a resil-
ient element disposed between the non-rotating seal carrier
and the housing, the resilient element being disposed to pro-
vide a resilient force in a direction urging the non-rotating
seal carrier in a retracting direction relative to the housing.

10. The rotary union of claim 9, wherein the resilient force
is configured such the force provided by the resilient element
is sufficient to overcome a weight of the non-rotating seal
carrier and non-rotating seal member when the rotary union is
installed in a position in which a centerline of the carrier bore
is at an angle other than horizontal.

11. The rotary union of claim 1, wherein the restrictor ring
is made of a material that is formable in desired dimensions,
has a relatively low friction when interfacing with the walls of
the piston bore, and is generally self-lubricating when air is
used as an actuating fluid relative to the piston portion.

12. The rotary union of claim 1, wherein the carrier bore
and the piston bore are formed as a stepped bore within the
housing, and wherein the carrier bore has a clearance relative
to the non-rotating seal carrier, the clearance permitting for
angular mis-alignment in an axial direction between the non-
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rotating seal carrier and the carrier bore such that operational
or assembly misalignment conditions between the rotating
and non-rotating machine components can be accommo-
dated.

13. A rotary union for use in a machine including rotating
and non-rotating components, the rotary union disposed to
fluidly connect a segmented media channel extending
between the non-rotating and the rotating machine compo-
nents, the rotary union comprising:

a rotating seal carrier that is connectable to the rotating
machine component, the rotating seal carrier having a
rotating seal member connected thereon;

a non-rotating seal carrier that is connectable to the non-
rotating machine component, the non-rotating seal car-
rier having a non-rotating seal member connected
thereon;

a piston portion formed on an end of the non-rotating seal
carrier proximate the non-rotating machine component,
the piston portion having a generally cylindrical shape
with an enlarged outer dimension relative to the non-
rotating seal carrier;

a housing forming a carrier bore into which the non-rotat-
ing seal carrier is slidably and sealably disposed such
that, when the non-rotating seal carrier is at an extended
position relative to the housing, the non-rotating seal
engages the rotating seal to form a sliding face seal, the
housing further forming a piston bore that slidably
accepts therewithin the piston portion such that a gap is
formed in aradial direction between an outer diameter of
the piston portion and an inner diameter of the piston
bore;

a segmented media channel formed in the rotating and
non-rotating seal carriers, the segmented media channel
being adapted to define a fluid passageway that conveys
fluid media between the rotating and non-rotating
machine components while the sliding face seal is
present, wherein the segmented media channel is further
adapted to be open for venting to the atmosphere when
the rotating and non-rotating seal members are not
engaged;

wherein the enlarged outer dimension of the piston portion
provides a net pneumatic or hydraulic surface that can be
acted upon by a fluid at a positive or negative atmo-
spheric pressure present within the piston bore of the
housing; and

wherein, when a fluid at a positive gage pressure is pro-
vided to the piston bore, a fluid flow momentum entering
the piston bore fills the piston bore, leaks at a predeter-
mined rate through the radial gap past the piston portion,
and dynamically pushes against a back side of the piston
portion, thus causing the non-rotating seal carrier to
move in an extending direction relative to the housing.

14. The rotary union of claim 13, further comprising a flow
restrictor ring having a generally annular shape disposed
around the piston portion, wherein the gap is provided
between an outer portion of the restrictor ring and an inner
surface of the piston bore.
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15. A rotary union for use in a machine including rotating
and non-rotating components, the rotary union disposed to
fluidly connect a segmented media channel extending
between the non-rotating and the rotating machine compo-
nents, the rotary union comprising:

a rotating seal carrier that is connectable to the rotating
machine component, the rotating seal carrier having a
rotating seal member connected thereon;

a non-rotating seal carrier that is connectable to the non-
rotating machine component, the non-rotating seal car-
rier having a non-rotating seal member connected
thereon;

a piston portion formed on an end of the non-rotating seal
carrier proximate the non-rotating machine component,
the piston portion having a generally cylindrical shape
with an enlarged outer dimension relative to the non-
rotating seal carrier;

a housing forming a carrier bore into which the non-rotat-
ing seal carrier is slidably and sealably disposed such
that, when the non-rotating seal carrier is at an extended
position relative to the housing, the non-rotating seal
engages the rotating seal to form a sliding face seal, the
housing further forming a piston bore that slidably
accepts therewithin the piston portion such that a gap is
formed in aradial direction between an outer diameter of
the piston portion and an inner diameter of the piston
bore;

a segmented media channel formed in the rotating and
non-rotating seal carriers, the segmented media channel
being adapted to define a fluid passageway that conveys
fluid media between the rotating and non-rotating
machine components while the sliding face seal is
present, wherein the segmented media channel is further
adapted to be open for venting to the atmosphere when
the rotating and non-rotating seal members are not
engaged;

wherein the enlarged outer dimension of the piston portion
provides a net pneumatic or hydraulic surface that can be
acted upon by a fluid at a positive or negative atmospheric
pressure present within the piston bore of the housing; and
wherein, when a negative gauge pressure is induced in the
piston bore, a flow momentum of an air flow entering the
piston bore from the environment is configured to leak at a
predetermined rate through the radial gap and dynamically
push a front side of the piston portion, thus causing the non-
rotating seal carrier to move in a retracting direction relative
to the housing.

16. A machine having a rotating component and a non-
rotating component that form a rotary union as set forth in
claim 13.

17. The rotary union of claim 15, further comprising a flow
restrictor ring having a generally annular shape disposed
around the piston portion, wherein the gap is provided
between an outer portion of the restrictor ring and an inner
surface of the piston bore.
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